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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

IDEAT, TEMPERATURE RISE DUE TO CONSTANT-
FRESSURE COMBUSTION OF A JP-4 FUEL

By S. C. Huntley

SUMMARY

The ideal temperature rise due to the constant-pressure combustion
of a methylene (CHZ) fuel wes calculated. CH2 fuel closely spproximates

MIT.-F-5624 grade JP-4 fuel presently used in most turbojet and rem-~jet
engines. Charts are presented from which the ldeal temperature rise or
the ideal quantity of fuel required to cbtain & specified combustion
tempersture may be obtained for any f£light conditlion likely to be en-
countered with turbojet or ram-jet engines using this fuel.

The charts are applicable only to a fuel having a hydrogen-carbon
mass ratio of 0.168. They include a range of fuel-air ratios from 0O to
1.2 fraction of stoichiometric fuel-air ratioc with dissociation taken
into account, inlet-air temperatures from 400° to 1800° R, ard combus-
tion pressures from 1/16 to 64 atmospheres. The use of the charts is
1llustrated by several examples. :

TWITRODUCTION

A knowledge of the combustion temperature or of the quantity of
fuel required to obtain & specified combustion temperature is necessary
in the performance analyses of aircraft turbojet and ram-Jjet engines.
Idesl combustion temperature is generally calculated assuming complete
oxidation of the fuel where final fuel-air ratios are leaner than stol-
chiometric and where dissociation is unimportant. In the stoichiometric
range of fuel-air retios, ideal combustion temperatures are generally
calculated assuming that chemical equilibrium exists among the combus-
tion products and dissocistion is thereby taken into account. With dis-
socletion, the ideal cambustion temperature is dependent on combustion-
pressure level.

Accuraste calculation of the ideal combustion-temperature rise of
hydrocarbon fuels has been simplified by the presentation of chartes for
cases where the final fuel-air ratios are leaner than stoichiometric
and at combustion temperatures where dissocistion is unimportant.
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Exsmples of these charts ere found in references 1 and 2. Similer
charts are presented in reference 3, which also includes the stoilchio-
metric range of fuel-alr ratios. In the latter case, with dissoclation
taken Into account, the charts are applicable to combustion processes
occurring at pressure levels from 1 to 5 atmospheres.

The operatiomal range of turbojet and ram-jet engines has been ex-
tended In recent years to hlgh altitudes and high flight speeds. This
inerease In operationael range has extended the range of combustilion-
Pressure levels which must be covered in the performance analyses of
these engines. A laborious solution is required to calculate ideal
combugtion-temperature rise dn the stoichiometric range of fuel-air
ratios where combustion-pressure level has an effect. In additiom, a
different solution 1s required for each cambination of combustion pres-
sure, inlet-alr temperature, and fraction of stolichiometric fuel-air
ratio. Therefore, it is evident that a need exists for an sccurate and
simple method of défermining the 1deal combustion-temperature rise iIn
the stoichiometric range of fuel-alr ratios and for an extensive range
of combustlion pressures. The purpose of this report is to provide
charts from which the 1deal temperature rise or the ideal quantity of
fuel required to obtain a specified combustion temperature may be ob-
tained for a comprehensive renge of turbojet- and ramrjet-engine opexrsa.-
ting conditions.

A general method and thermodynemic tables for the solutlon of ther-
modynamic properties of a combustion gas in chemicael egullibrium are
provided in reference 4. This method has been used at the NACA Lewis
lsboratory to establish thermodynamic properties of a combustion gas
for a CH2 fuel and air reactlon. Thesge unpublished datd were used to

campute the ideal cambustion-temperature rise The temperaturs-rise
‘results are presented herein. SO N

Charts are presented from which the ideal combustion-temperature
rise or the i1deal quantity of fuel required to obbtein a specified com-
bustion temperature may be easlly and accurastely obtained. The charts
are gpplicable only to & fuel having a hydrogen-carbon mass ratio of -
0.168, which closely approximetes MIL-F-5624 grade JP-4 fuel presently
used in mogst turboJet and ram-jet engines. The charts are based on &
constant-pressure adlabatic combustion process covering a range of fuel-
air ratios from O to 1.2 fraction of stoichiometric, a range of combus-
tlon pressures from 1/16 to 64 a%mospheres,'and a range of inlet-air
temperatures. £from 400% to 1600° R. Use of the charts for a nonadisbatic
combustionm process or for variations in heat content of the fuel is com-
sildered, and their use isg illustrated by numerical examples.

3774
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SYMBOLS

The following symbols are used in this report:

constants used in interpolstion process

specific heat at constant pressure and standerd conditions,
Btu/1b-°R

stoichiometric fuel-air mass ratio (0.067626)
lower heating value of fuel at constant pressure

sum of sensible enthalpy and chemical energy at temperature
T and standerd conditions, Btu/1b

difference in enthalpy at T and at 400° R (table IT),
Btu/1b

air mass-flow ratié at station i

molecular weight, lb/lb—mole

mass-flow rate, 1b/sec

absolute combustion pressure, atm or lb/sq ft
fraction of stoichiometric fuel-air rabtio
absolute temperature, °R

tempersture rise, °r

difference in temperature rise or correction factor, °r

Subscriptse:

air

fuel
combustion gas
station

reference or asslgned value
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b'd adjusted values

1,2,3 stations

THEORETICAL BASIS OF CHARTS

The charts presented herein apply to an ideal constant-pressure
adlabatic combustion process with an assigned value of fuel enthalpy.
A method is discussed in the section USE OF CHARTS which accounts for
a nonadiabaetic combustion process or for a change in the assigned value’
of fuel enthelpy. Chemical equilibrium was assumed to exist among the
products. of combustion in the stoichlometric range of fuel-air ratio.
At leaner-than-steichiometric fuel-alr ratios and at low combustion tem-
peratures completely oxidized products of cambustion were assumed.

For convenience, the enthalpy used is defined as the sum of sen-
sible enthalpy and chemical energy. When the chemical energy is in-
cluded In the enthalpy of each substance, enthalpy of the combustion
gas for an asdisbatic combustion must equal the enthalpy of the fuel and
alr entering the combustion process, or )

(ng)_+ 8€'(np) = (1 + Sf')(hg)g (1)

where the state temperature for each term in equation (1) is taken as
the appropriste entering or leaving temperature. Combustion-gas enthal-
py was calculated from equation (l) for an assigned value of fuel en-
thalpy, for selected values of inlet-air temperature, and for several
fractions of stoichiometric fuel-air ratio.

The composition of alr was assumed to consist of the following mole
fractions: N,, 0.780881; Oy, 0.209495; A, 0.009324; CO5, 0.000300. The
air enthalpy at selected values of inlet-air temperature was calculated
using this composition and the molar enthalpy of each constituent from
the thermodynamic tables of reference 4.

The assigned value of fuel enthalpy was determined at—a fuel tem-
perature of 540° R. At this temperature, the liquid CH, fuel was as-
sumed to have a lower heating value at constant pressure (hc)CH2 of

-18,700 Btu per pound. The lower heating value at Constant pressure is
defined ag the amount of heat removed during the constant-pressure com-
bustion of a fusl and gaseous oxygeh mixture when the initial and final
temperatures are equal and the completely oxidized combustion products
are all in the geseous state. The reaction egquation for the determins-
tion of the lower heating value of CH2 fuel is then

3
CHp + 35 Oy = CO, + HpO (2)
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end the enthalpy equation is

(R)cx, + 5 () = (BRdeo, + GER)y o - (s dog,  (3)
from which

(Mh;)CHz = (Mh§)coz * (Mb;)ﬂzo - 3 Oplo, - O dey,  (4)

The agsigned value of fuel enthalpy at a temperature of 540° R was de-
termined from equation (4) using the assigned lower heating value at
constant pressure and the molar enthalpy of each constituent from the
thermodynemic tables of reference 4. B8toichiometric fuel-air ratic £
is evaluated by consideration of equation (2) and the mole fraction of
O2 in the air available for combustion as

\
Mg 2(0.209495)

= Mbﬂz 3 >

or {5)

f!

0.0687626 )

The combustion temperature associated wilth & specific value of
cambustlion-gas enthalpy was determined by interpolation from established
relations between temperature, enthalpy, and specific heat at constant
pressure. These thermodynsmic properties were obtained at a sequence of
temperatures in either 200° or 100° K increments. In the stoichiometric
range of fuel-air ratios, chemical equilibrium was assumed to exist
among products of combustion consisting of CO, COp, H, Hy, H20, O, Op,
OH, N, N5, NO, and A. Applying the general method of reference 4 to
these assumed products of combustion leads to eight dissocliative equi-
librium equations for gaseous molecules in terms of atomic species,
nanmely, for CO, CO,, Hz, E50, 02, OH, NZ’ and NO. However, as no free
carbon was assumed among the combustion products, the egquilibrium equa-
tion for CO2 was expressed in terms of CO and 0. Conservation of mass

leads to five additional equations, one for each atomic type, namely,
for C, H, O, N, and A. The tobtal pressure being the sum of the partial
pressure of each constituent provides an additional equation. The si-
multaneous solubtion of these equations subsequently leads to the compo-
sition of the combustion ges for a comstant-pressure combustion process
at a gpecified temperature, pressure, and fraction of stoichiometric
fuel-air ratio. The composition of the combustion gas and selected
thermodynamic properties were established for e sequence of temperatures
in 200° K increments, at several pressures, and at several fractions of
stolichiometric fuel-air ratio.
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At leaner-than-stoichiometric fuel-air ratios and at low combustion
temperatures, the combustion gas was assumed to be compleftely oxidized.
The-products of combustion, in thie case, were assumed to consist of CO,,

HZO’ and the original alr entering the combustion less the oxygen thet
went into the formation of CO, and Ho0, which leads to

(bp)_+ (0 209495) [(Mh'r)co + (Ml o -3 (Mh'%)oz}
(6)

1+ 82 ()

and

o 2{0.209495 o o 3, o
(eg) + 3( M, )° (Mcp)C02 + (Mcp)ﬂzo - 7 (Mep)o,

(7)

(1 + Sf‘)(cp)g

vhere the state temperature for each term In equations (6) and (7) is

the combustion temperature. Equations (6) and (7) were used in conjunc-
tion with the thermodynamic tables of reference 4 to calculate the en-
thalpy and specific heat at constent pressure of the completely oxidized
combustion gas at a sequence -of temperatures in 100° X increments and at
several fractions of stoichlometriec fuel-air ratio.

A relation between temperature, enthalpy, and speclfic heat at con-
gtant pressure was egtablished by assuming that _

Ty = a(ad) + p()% o) +a (8)
and
Tl 1 or2 °
a(m) | () o) ¢ mlilg e )
P

where a, b, ¢, and d were evaluated for each tempersture increment
from the thermodynamic properties of each temperature sequence. This
relation was then assumed to be true for any temperature between the
values at which &, b, ¢, and 4 were determined. This method gives
an interpolation process based on & 2-point - 2-slope technique. Fram
this established relation the combustion temperature asscclated with a
gpecific value of combustion-gas enthalpy was determined for selected
values of inlet-air temperature and for several fractions of stolchio-
metric fuel-air ratio. '

3774
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FRESENTATION OF CHARTS

The ideal combustion-temperature rise associated with & constant-
pressure adiabatic combustion process 1is shown in figure 1 for a combus-
tion pressure of 1 atmosphere and for inlet-air temperatures of 400° and
1600° R as a function of the fraction of stoichiocmetric fuel-air ratio.
The effect of dissociatlon on temperature rise is 1llustraeted by the
separation between the curves with dissociatlon and without dissociation.
The effect of dissociation is to decrease the ideal temperature rise
attainable with a completely oxidized combustion ges, especially at high
values of combustion tempersture. The typlcal trend of temperature rise
as the inlet-zir temperature is increased is to reduce the tempersture
rise. The temperature rise is reduced more at near-stolchiometric mix-
tures, and the peask temperasture rise occurs at richer mixtures with
higher inlet temperatures. These trends in temperature rise for a pres-
sure level of l atmosphere are also typical of other combustion-pressure
levels. :

The values of temperature rise in the stoichiometric range of fuel-
air ratios were computed with the assumption of dissociation; whereas,
at the leaner fuel-air ratios no dissociation was assumed. The result-
ing two sets of values were faired together as shown by the dashed curves
in figure 1. The resulting continuous curves were used in subsequent
charts for the relation of ideal combustion-tempersture rise as a func-
tion of the fraction of stoichiometric fuel-air ratio.

Ideal combustion-temperature rise at a combustlon pressure of 1
atmosphere is presented in table I as a function of the fraction of
stoichiometric fuel-air ratio for a range of inlet-air temperatures from
400° to 1600° R. Temperature rise or the idéal quantity of fuel re-
quired to obtain a specified temperature rise may be easily obtained at
eny 0.001 incremental fraction of stolchiometric fuel-air ratio or at
any 100° R increment in inlet-air temperature. These increments in fuel-
air ratio and inlet-air tempersture are sufficiently small to give ac-
curate values by & simple straight-line interpolation at any interval
between iIncrements.

Tdeal combustion-temperature rise for any combustion pressure other
than 1 atmosphere is obtained by additive correction factors gpplied to
the value of tempersture rise obtained from table I at the appropriate
fraction of stoichiocmetric fuel-air ratio and inlet-air temperature.
Exact differences in temperature rise for equal increments of the log-
arithm of combustion pressure are presented in figure 2. The number of
temperature-rise differences to be added depends on the difference of
the pressure level from 1 atmosphere, as will be shown later in examples
illustrating the use of the charts. Temperature rise is very nearly
linear with the logarithm of combustion pressure. Consequently, a
straight-line interpolation using the logarithm of the particular
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pressure gives a close approximation to the difference in temperature
rise for a pressure within each increment. This relation was used to
egtablish lines of intermediate pressure levels on each chart of figure
2, from which the appropriate temperature-rise correction factor may be
easlly obtained. More exact interpolations may be achieved, of course,
by direct plots of the temperature-rise difference as a function of the
logarithm of combustion pressure. ’

Correctlon-factor charts have alsc been prepared to essist in ob-
taining the 1deal quantity of fuel required for a specified temperature
rise at any combustion pressure. These charts are presented in Ligure
3. Additive correction factors are obtained from figure 3 as a function
of the specified temperature rise, the inlet-air temperature, and the
combustion pressure. These additlve correction factors are derived in
a manner similar to that for the correction factors of figure 2. The
quantity of fuel required for a specified tempersture rise at any com-
bustion pressure is obtained from table I after applying the correction
factors of figure 3 to the specified temperature rise. The number of
correction factors to be applied to the specified temperature rise is
again dependent on the dlfference between the pressure level and 1

atmosphere.

USE OF CHARTS

The combustion charts presented herein msy be used directly for an
adilsbatic combustion process and for the assigned value of fuel enthalpy.
The charts mey also be used for a nomadisbatic combustion process, such
as a loss of air or power extraction, and for variations in the heat con-
tent of the fuel. A general system is presented in figure 4, which shows
enthalpies for a nonsdlabatic combustion process with a loss of alr in
the system and with a variation in heat content of the fuel from the as-
signed fuel ernthalpy. The heat balance 1s

(), | - (mbd), |+ (), = () (20)

and the mass balance of the system is

Ma,l - g,y +Tpp = W3 (1)
Since, by definition,
Sft = .2 A
o,1 ~ Ta,i
and - | > (12)
ma i
= e—t
3 m -m J
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then, combining eguetions (10), (11}, and (12) and using the assigned
fuel enthslpy yield

(b‘g)a 1 ) i[(hg)a,i ) (hg)a,l] * Sf'(h‘g)f,r *

2

se1[3), , - (9, |- (w20 (13)

Now, by using an adjusted inlet-alr temperature T, to accomodate the

change Iin energy from an adiabatle process with assligned conditions, the
adjusted inlet-air enthalpy is

- @), - e - e

a,i a,

1] * Sf'[(h'g)f,z ) (h'g)f,r]
(14)

Substituting equation (14) into equation (13) yields the generalized
(or adisbatic) heat-balance eguation

(hT)a,x + Sf'(hﬁ)f’r =(1+ Sf'>(hT)g,3 (15)

The generalized heat-balence equation which is similar to equation (1)
1s directly spplicable to the combustion charts.

An adjustment of inlet-air temperature is necessary to satisfy the
difference between the genersaslized inlet-alr enthalpy (h%) and the

a8,X
actusl inlet-air enthelpy (hT) " This difference in air enthalpy in-

volves only a change in sensible enthalpy; consequently, any avadilable
sensible-enthalpy table for air may be used to obtain the corresponding
adjustment of inlet-air temperature. For convenience, a chart of sen-
sible sir enthslpy es a function of temperature 1s presented in tsble IT,
which was calculated using the same air composition and molar enthalpy
of each constituent as was used for the combustion charts. The change
in enthalpy resulting from the loss of air in a general system (such as
fig. 4) may be used directly in equetion (lé:). An eppropriate term may
also be included to account for any other change in energy which may re-
sult in & nonadisbatic process, such as energy extracted from the system
for auxiliary equipment.

A variation in fuel enthaelpy from the assligned value may be the re-
sult of a change In eilther the lower heating value of the fuel at con-
stant pressure or in the fuel-inlet temperature. The change in enthalpy
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resulting from a change in the lower hesting value of the fuel &t con-
stent pressure is simply S£'(-18,700 - h,}. A change in enthalpy re-
resulting from a variation in fuel-inlet temperature from the assigned
velue of 540° R may be cbtained from a consideration of the specific
heat at constant pressure of the liguid fuel. A typical variation of
specific heat with fuel temperature was obtained from reference 5 for a
JP-4 hydrocarbon fuel. The change in fuel enthalpy from the assigned
value at 540° R was calculated by using

(cg) = 0.502 + 0.000525(T, - 540)
£,1iquid R :

For convenlence, a chart of the change in fuel enthalpy of a stoichio-
metric mixture on a unit-mass-of-air bagis is presented in table III as
a function of the fuel-inlet temperature. The product of a chart velue
and the fraction of stolchiometric fuel-air ratio yields the appropriate
change in air enthalpy for a variation in fuel-inlet temperature
(eq. (14)).

y
' The use of the combustion charts is illustrated by calculations
for a turbojet englne with an afterburner for which the folliowing con-
ditions are employed: engine-inlet temperature, 520° R; 4-percent loss
in air flow by compressor interstage alr bleed occurring at a tempersa-
ture of 624° R; combustor-inlet temperature, 1000° R, engine fuel-air
ratio, 25 percent of stoichiometric; fuel-inlet temperature, 540° R;
Jower heating value of fuel at constant pressure of -19,135 Btu per
pound at 540° R; turbine-outlet Yemperature, 1675° R; afterburner fuel-
alr ratio, 55 percent of stoichiometric; afterburner combustlon pressure,
400 pounds pexr sgquare foot; and afterburner combustion temperatbure,
3500° R. ; . o '

Exsmple 1 - Determinetion of Ideal Turbine-Outlet Tempersiure
Generslizing the heat balance from the engine inlet tc the turbine
outlet indicates that an adjustment in the inlet-air temperature 1ls nec-

esgary before using teble I. From equation (14) the adjusted inlet-air
enthalpy is - . .

@), - ), - ), - oD, Jeer|, -0
From table TI

(4b2) - (Ang) = 53.7 - 28.8 = 24.9 Btu/lb

a,li a,l
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and

(Ahg) 28.8 -~ 0.04(24.9) + 0.25 x 0.067626(19,135 - 18,700)

a,x

35.2 Btu/1b

or, from (Ah,%)a . and teble II,
2

_ o
Tx = 547 R

Then, from T,, S, and teble I,
AT = 1195° R

The ideal turbine-cutlet temperature is 1195° + 547C = 1742° R. No cor-
rection is necesssry for combustion pressure at this low combustion tem-
perature (lea.n fuel-air ratio).

Exemple 2 - Determination of Idesl Engine Fuel-Air Ratio

This example 1s the inverse of exsmple 1, and an iteration process
is necessary because of the change in fuel enthalpy from the agsigned
value. .

An approximate adjusted inlet-air temperature may be obtained by
using an estimated idesl engine fuel-air ratio. The estimated fuel-air
ratio is obtained from & temperature rise based on the adjusted inlet
temperature and the ideal AT of exsmple 1. The approximate ATl is
1675° - 547° = 1128° R; the ideal AT is 1195° R. An ideal fuel-air
ratio estimated from a ratio of these temperature rises and the actual
fuel-air ratio is 0.25 X ]ﬁlgg = 0.236 fraction of stoichiometric fuel-
air ratio. An spproximate adjusted inlet-air enthelpy is

28.8 - 0.04(24.9) + 0.236 x 0.067626(19.135 - 18,700)

~—

5

N
n

I

34.7 Btu/1b

or, from (AbR) snd teble IT,
a,x

— o
Tx = 5457 R

A new approximation of specified AT is 1675° - 545° = 1130° R. By
using T, = 545° R, AT =-1130° R, and teble I, the ideal fuel-air ratio
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is found to be 0.2348 fraction of stolchiometric fuel-air ratic. A
reiteration process using this fuel-air ratio gives the same adjusted
inlet-alr tempersture; therefore, no further iterstions are necessary.

Exampie 3 - Determination of Fngine Combustion Temperature

If it is assumed that the combustion of ideal engine fuel occurs
only in the engine combustor, then the ideal fuel-ailr ratioc may be spec-
ified by elther the combustor temperature rise or the engine tempersture
rise. Consequently, the combustor temperature rise may be calculated
from the ideal.fuel flow determined in example 2 and the combustor-inlet
temperature by epplying a heat balance to the engine combustor. Gener-
alizing the heat balance from the combustor inlet to exit indicates an
aedjustment of combustor-inlet temperature is necesgary before using table
I. This heat balance lndicates an adisbatic process with an adjusiment
for variation of fuel enthalpy of the ideal fuel-air ratic. Furthermore,
the cormbustor air flow is equal to the alr fiow used ta specify the idesl
fuel-gir ratio of example 2; so nc adjustment of fuel-air ratic 1s neces-
sary. From the combustor-inlet temperature, table II, and the ldeal
fuel-alr ratio, .

(Ah@)a L= 145.5 + 0.2348 % 0.067626(19,135 - 18,700} = 152.4 Btu/lb
b

or
o
T, = 1027° R
Then, from T., ideal 5, and table I,
AT = 1058° R

The engine combustion temperature is 1058° + 1027° = 2085° R.

Example 4 - Determination of Ideal Afterburner Combustion Temperature

Generalizing the heat balance from the engine inlet to the after-
burner outlet indicates that sn adjustment in the engine-inlet tempera-
ture is to be made which differs from example 1 because of the addition-
al fuel supplied to the afterburner; therefore, -

(Amg) = 35.2°+ 0.55 X 0.087626(19,135 - 18,700) = 51.4 Btu/lb
8,X

or

T, = 614° R

3774
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The total fuel-air ratio sﬁpplied to the system is 0.25 + 0.55 = 0.80

fraction of the stolchiometric fuel-air ratio. Then, from T _, total
X

S, and table I,

AT = 3119° R

As afterburner combustion occurs at a pressure of 400 pounds per square
foot, correction factors must be applied to the temperature rise ob-
tained from teble I. From figure 2(a), total S, T,, and P,

AT = -7° R
From figure 2(b), total S, T, and P = 1/4 atmosphere,
8AT = -24° R

The ideal afterburner combustion temperature 1s 3119° - 70 - 24° + 614° =
3702° R.

Exsmple 5 - Determination of Ideal Afterburner Fuel-Air Ratio

. This example isg the inverse of example 4; and, as in exemple 2, an
iteration process is necessary. The specified afterburner temperature
rise is 3500° - 1675° = 1825° R. From example 4, the ideal afterburner
temperature rise is 3702° - 1675° = 2027° R. An ideal afterburner fuel-
air ratio estimated from a ratio of these temperature rises and the ac-~

tual afterburner fuel-air ratlo is 0.55 X ;gg? = 0.495 fraction of

stoichiometric fuel-air ratio. An approximate adjusted inlet-air en-
thalpy from an estimate of the total ideal fuel-air ratio is

(and) = 28.8 - 0.04(24.9) + (0.2348 + 0.495)0.067626{19,135 - 18,700)
&,X

49.3 Btu/1b
or, from,(Ahg)a N and table II,
2
o
T, = 605° R

An spproximation of total-temperature rise is 3500° - 805° = 2895° R. By
using T, = 605° R, AT = 2895° R, P = 400 pounds per square foot, and
figure 3, the following correction factors are obtained:

AT = 3° R (from fig. 3(a))

BAT

It

9° R (from f£ig. 3(b))
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The adjusted temperasture rise becomes 2895° + 3° + 9° = 2907° R. From
table I, T, = 605° R, and AT = 2907° R, the ideal fuel-air ratio is
found to be 0.7247 fraction of stolchiometric fuel-air ratio. A re-
lteration process using this fuel-air ratio gives the same adjusted
inlet-air temperasture; therefore, no further iterations are necessary.
The idesl afterburmner fuel-air ratioc is then 0.7247 - 0.2348 = 0.4899
fraction of stolchiometric fuel-air ratio.

Lewis Flight Propulsion leboratory
National Advisory Committee for Aercmautics
Cleveland, Ohilo, July 28, 1955 o
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TABLE IIT. - ENTHALPY OF LIQUID FUEL

FCR A STOICHIOMETRIC MIXTURE

Fuel Enthalpy difference,
temperature, f‘CAh%)f,
Tf, _
of Btu/lb-air
400 -4 .4
410 -4 .1
420 =-3.8
430 ~-3.5
440 -3.2
450 -2.9
460 -2.6
470 -2.3
480 -2.0
490 -1.7
500 -1.3
510 -1.0
520 -7
530 -3
540 0]
550 3
560 .7
570 1.0
580 1.4
590 1.7
600 2.1
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Ideal temperature rise, AT, °R
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Figure 1. - Ideal temperature rise for constant-pressure combustion
as function of fraction of stoichiometric fuel-asir ratio. Com-
bustion pressure, 1 atmosphere.
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Figure 2. - Tmperaturs-rise correction factors as functicn of fuel-air ratio.
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(d) Gombustion pressures from 4 to 16 atmospheres.

Figure 2. - Continued. Temperature-rige correction factors as function of fuel-sir ratio.
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Figure 3. - Continued. Temperature-rise correotion factors as functicn of combusticn-temparature rise.
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Figure 4. - Genersl system showing entering and leaving enthalpies.
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